Introduction
The richly fossiliferous, lower Pleistocene complex of Pirro Nord (also known as Cava Pirro or Cava Dell'Erba) lies in one of the quarries exploiting the Mesozoic Calcare di Bari Formation, in the municipality of Apricena, near Foggia (41°48′ 07′′N, 15°23′05′′E), on the northwest side of the Gargano promontory, in southeastern Italy. The complex was discovered in the early 1970s during field work on late Miocene vertebrates by the NCB/Naturalis Museum of Leiden (Freudenthal 1971) and was subsequently intensively explored by the University of Florence (Abbazzi et al. 1996) . Since 2004, some 33 fissure fillings have been discovered. Each fissure deposit is identified with a BP^, followed by a sequential Arabic number that corresponds to the order in which the fissure was discovered. Similarities among preserved taxa indicate that the fissure deposits are essentially contemporaneous (Arzarello et al. 2007 ). On the basis of age-diagnostic mammalian taxa, the deposits are dated as late early Pleistocene or equivalent to the last Faunal Unit of the Villafranchian Mammal Age in the Italian biochronological scale (Gliozzi et al. 1997) . Absolute age estimates for the Pirro Nord Faunal Unit include 1.3-1.7 Ma (Arzarello et al. 2009; López-García et al. 2015) , 1.2-1.5 Ma (Masini and Sala 2007) and 1.3-1.5 Ma (Bertini et al. 2010) . The Pirro Nord fissures are developed in a karstic setting at the top of Mesozoic limestones. The fissures are infilled with continental sediments and often with macro-and microvertebrate fossils that document the presence of diverse palaeocommunities (Abbazzi et al. 1996; Pavia et al. 2010) . The composite vertebrate assemblage from the fissure deposits totals more than 100 recognised taxa, including some 20 species of amphibians and reptiles (Delfino and Bailon 2000; Delfino and Atzori 2013) , 47 species of birds (Bedetti 2003) and over 40 mammal species (Abbazzi et al. 1996; Gliozzi et al. 1997; Sardella 2005, 2013; Petrucci et al. 2013; Salari et al. 2013; Alba et al. 2014) .
Recent excavations of fissure P13 by a team from the University of Ferrara uncovered a typical Pirro Nord vertebrate assemblage preserved together with lithic industries. Those stone artifacts are the earliest evidence of humans in Western Europe (Arzarello et al. 2007 (Arzarello et al. , 2009 Arzarello and Peretto 2010; López-García et al. 2015) , and their discovery renewed interest in the Pirro Nord localities. Subsequent field activities included new systematic excavations and a stratigraphical analysis of the more inclusive Plio-Pleistocene marine succession of the entire area of the quarry (Pavia et al. 2010) . Palaeomagnetic measurements have further constrained the age of this important archaeological record by demonstrating that the sediments exhibit a reversed magnetisation and are within the Matuyama post-Olduvai Chron (Napoleone et al. 2003; Pavia et al. 2012) .
The composite herpetofauna from a number of Pirro Nord localities (but not P13) was documented by Delfino and Bailon (2000) . These authors identified the following taxa: the urodeles Ichthyosaura cf. alpestris and Lissotriton vulgaris group; the anurans Bufo bufo group, Bufo viridis group, Hyla arborea group and Pelophylax sp.; the chelonians Testudo hermanni group, Emys orbicularis and Mauremys sp.; the squamates Pseudopus sp., Podarcis sp., Lacerta sp., Blanus sp., Hierophis viridiflavus, Zamenis longissimus group, Coronella cf. austriaca, BColubrines^indet., Natrix natrix and Vipera aspis group. In a later update, Delfino and Atzori (2013) suggested that Pseudopus was intrusive in the assemblage (i.e. its bones probably come from a reworking of older sediments), and they additionally reported Pelobates sp. on the basis of a sole vertebra (MGPT-PU 106783) recovered from the P21 fissure. Delfino and Atzori's (2013) report of Pelobates at Pirro Nord is notable because it is the only recorded occurrence of the genus outside its current Italian range, which consists of P. fuscus on the Po Plain in the northern part of the country (Sindaco et al. 2006; Lanza et al. 2007 ).
Pelobates is rare in the Italian fossil record, being reliably recorded elsewhere only in the middle Pliocene of Arondelli, in the Piedmont Region of northwestern Italy (Vergnaud-Grazzini 1970) . Reports of Pelobates fuscus from Grotta di Veja and Valdiporro, in the Verona area, can be disregarded because more recent work indicates that the material actually belongs to the green toads group (Delfino 2002, and literature therein) . Therefore, the presence of Pelobates in the fissure fillings of Pirro Nord represents an unexpected finding that significantly widens the ancient range of the genus in the Italian Peninsula.
The aims of our paper are to identify, describe and evaluate the biogeographic context of the new Pelobates fossils from the early Pleistocene of the Pirro Nord fissure P13. Our paper is a homage to the work of Prof. Zbyněk Roček, who back in 1981 published a monograph that described with exceptional detail and precision the cranial anatomy of pelobatid frogs and provided important information on their development and phylogeny.
Materials and methods
Specimens reported here for Pelobates syriacus are isolated fossils excavated from the Pirro Nord P13 fissure between 2010 and 2013. The collection is temporarily stored at the Department of Humanities, University of Ferrara, Italy. The osteological terms used here (see Fig. 1 ) follow those of Roček (1981) , Sanchiz (1998) , Bailon (1991 Bailon ( , 1999a and Roček et al. ( , 2014 . For palaeobiogeographical data, we mainly used the occurrences listed by Sanchiz (1998) and the online databases maintained by Böhme and Ilg (2003) and Martín and Sanchiz (2015) .
Genus Pelobates Wagler, 1830
Pelobates syriacus Boettger, 1889 (Fig. 2, 3) Material examined (all from Pirro Nord P13 fissure): Eight maxillae (STUM-UNIFE C03B4H4, C03B4H5, C00B3H6, C05B5H7, D14B5H25, D15B3H30, D17C4H42 and D21 C6 H 45) ; one fro ntop arie tal (STUM-UNIFE D16B3H39); one squamosal (STUM-UNIFE D20B2H27); three sphenethmoids (STUM-UNIFE C04B4H15,  2012RIMH46 and D23B1H53); 12 vertebrae (STUM-UNIFE  C05B3H1, 2010RIMH3, C04B4H8, C00B6H11, C04B4H16,  D15B4H18, D13B5H19, D19B2H23, D14B5H24,  D20B2H28, D19C6H44 and D23B2H52) ; four sacra fused with urostyle (STUM-UNIFE C07B4H20, D20B2H29, D21B1H36 and D21B1H37); two scapulae (STUM-UNIFE Fig. 1 Osteological terms used in this paper, as illustrated by extant Pelobates fuscus (MNCN-18090). a-c Right maxilla, in labial (a), lingual (b) and dorsal (c) views: cd crista dentalis, fm fossa maxillaries, la lamina anterior, lh lamina horizontalis, mo margo orbitalis, pal processus palatines, pf processus frontalis, ppo processus posterior, ppt processus pterygoideus, pzm processus zygomatico-maxillaris, spq groove for pars palatina palatoquadrati. d Right posterolateral portion of frontoparietal, in dorsal view: fao foramen arteriae occipitalis, ppo processus paraoccipitalis, pps processus posterior superior. e Right squamosal, in lateral view and rotated slightly counterclockwise: la lamella alaris, mo margo orbitalis, pd processus dorsalis, ppd processus posterodorsalis, ppl processus posterolateralis, pz processus zygomaticus, rp ramus paroticus. f-h Sphenethmoid, in dorsal (f), ventral (g) and anterior (h) views: ce capsula ethmoidalis, col canalis ophthalmicus lateralis, com canalis ophthalmicus medialis, ff fenestra frontoparietalis, lp lateral processes, ls lamina supraorbitalis, ppm processus praenasalis medius, sa sella amplificans, sn solum nasi, spn septum nasi. i, j Sacrum+ urostyle, in dorsal (i) and anterior (j) views and with right processus transverses not shown: ac anterior cotyle, lle lateral laminar expansions, prz prezygapophysis, pt processus transversus. k Left scapula, in ventral view and with medial end towards bottom of figure: pac pars acromialis, pgl processus glenoidalis. l Left humerus, in ventral view: clat crista lateralis, cmed crista medialis, cond condyle, cpv crista paraventralis, cv crista ventralis, dia diaphysis, eul epicondylus ulnaris, fcv fossa cubitalis ventralis. m-o Posterior portion of right ilium, in lateral (m) and medial (n) views and in posterior view and rotated 90°counterclockwise (o): act acetabulum, ias nteriliac articulation surface, ij ilioischiadic junction, pasc pars ascendens, pdsc pars descendens. Elements are depicted at different magnifications ventral (l) and anterior (m) views, n-p sphenethmoid (D23B1H53), in dorsal (n), ventral (o) and anterior (o) views, q-s sphenethmoid (2012RIMH46), in dorsal (q), ventral (r) and anterior (s) views. All specimens are depicted at same magnification and temporarily stored at the Department of Humanities (STUM-UNIFE), University of Ferrara, Italy C06B3H12 and D21B2H50); two humeri (STUM-UNIFE C00B5H14 and D17C4H41); 17 ilia (STUM-UNIFE C04B5H2, C05B4H9, C00B6H10, C00B5H13, C07B4H21, C07B4H22, D20B2H26, D15B5H31, C06B4H34, D20D6H35, D21B1H38, D18C4H40, D17C4H43, 2012RIMH47, D21B2H48, D23B2H51 and D22B1H54); four tibiofibulae (STUM-UNIFE C08B3H17, D15B5H32, D15B5H33 and D21B2H49).
Description
Maxillae: Eight maxillae have been recovered from P13 fissure. Most are fragmentary, with the exception of two more nearly complete specimens (Fig. 2a-f ). Both specimens preserve the central part of the maxilla, a posteriorly incomplete processus posterior and an anteriorly incomplete lamina anterior (= rostellum sensu Sanchiz 1998). Except for a narrow and relatively smooth strip along the ventrolateral edge of the bone, all eight maxillae are ornamented laterally with tubercles that can be isolated or, at the periphery of the bone, coalesce into anastomosing, bony ridges. The density of such dermal ornamentation increases with the size of the element (ontogenetic character), as shown by the two figured maxillae. As described below, a similar ornament is present on the outer surfaces of the frontoparietal and squamosal.
The maxilla is elongate, and its ventral edge, called the crista dentalis, bears pleurodont teeth. The processus zygomatico-maxillaris is directed posterodorsally. The processus frontalis, only preserved on the largest specimen, is present on the dorsal margin of the anterior half of the maxilla and lacks sculpture along its dorsal margin. The margo orbitalis between the processus zygomatico-maxillaris and the processus frontalis is concave in profile and is rounded in a similar way in the two figured specimens. Although broken, the lamina anterior seems to exceed the level of the anterior end of the crista dentalis.
In medial view, the processus palatinus, incomplete in all the available fossils, is rather thick and directed anteromedially. A well delimited and concave fossa maxillaris is present, located between the proximal part of the processus palatinus and the anterior part of the lamina horizontalis. The lamina horizontalis seems to be straight and relatively narrow close to the premaxillary-maxillary suture and increases in width posteriorly; likewise, its margins gradually increase in thickness. The lamina horizontalis ends posteriorly in a distinct processus pterygoideus, which is located relatively more posterior in the largest specimen than in the smallest ones. A low ridge extends down from the base of the processus pterygoideus to the lamina horizontalis. A well-developed depression is present on the posterior part of the bone, at the level of the end of the lamina horizontalis, in both figured specimens. The groove for the pars palatoquadrati, clearly visible in dorsal view, extends along the dorsal surface of the processus palatinus and onto the dorsal surface of the posterior section of the lamina horizontalis. Frontoparietal: Only one fragment of a frontoparietal (Fig. 2g, h ) has been recovered. It preserves the right posterior part of the element, between the processus lateralis inferior and the processus posterior superior. Similar to the maxillae, the dorsal surface of the frontoparietal bears a relatively dense dermal ornament composed of isolated tubercles. The well-preserved, relatively long and pointed processus paraoccipitalis dorsally bears two low, but distinct, ridges that form a welldelimited keel. The foramen arteriae occipitalis, not visible in dorsal view, is situated more medially relative to the processus paraoccipitalis (Fig. 2h) . Squamosal: Only the main part of the lamella alaris of a right squamosal has been found in P13 (Fig. 2i, j) . The processus posterolateralis and the ramus paroticus are not preserved. The outer surface of the lamella alaris shows the same dense sculpture composed of isolated tubercles that is seen on the maxillae and the fragmentary frontoparietal. The inner surface of the squamosal is smooth and shows the fused part of the processus posterolateralis. The margo orbitalis is rather long, strongly concave in profile and ends in a long and pointed processus zygomaticus. Although both portions are largely incomplete, the preserved part of the processus dorsalis shows that it likely was long and well developed and that the processus posterodorsalis was somewhat prominent and contributed to the strongly concave dorsal margin of the lamella alaris. Sphenethmoids: Three sphenethmoids are available from P13 ( Fig. 2k-s) . These elements are variably complete, although their anteriormost parts (i.e. processus praenasalis medius) are broken in all three examples. As preserved, the sphenethmoids are elongate and strongly dorsoventrally flattened, and they bear prominent anterior and lateral processes (= trabeculae sensu Sanchiz 1998). In anterior view, the typical folds (sella amplificans) are clearly visible on the floor (solum nasi) of each anterior alveolus (= capsula ethmoidalis or antrum olfactorium). Although incomplete on all three specimens, the processus praenasalis medius seems to have been rather long and wide, at least posteriorly (Fig. 2k) . Variably developed laminae supraorbitalis are visible on each side of the bone, on the posterior part of the lateral processes. The fenestra frontoparietalis is deep and posteriorly wide, and its anterior margin is rounded. The dorsal surface of the element bears a small, triangular patch covered with irregular dorsal ornament. This triangular surface, which represents the area not covered by the nasals anteriorly and the frontoparietals posteriorly, is particularly visible on two specimens (Fig. 2n, q) .
In ventral view, the lateral processes project outwards from the main body of the bone, are oriented slightly anterolaterally and, on two specimens (Fig. 2o, r) , show a V-shaped arrangement of anteriorly and posteriorly bifurcating ridges that demarcate the contact surface for the processus palatinus of the maxilla. A foramen (canalis ophthalmicus medialis), not always visible, perforates the base of the lateral processes (Fig. 2l) . A long and narrow scar, into which the anterior end of the pars medialis parasphenoidei would have fit, is present on the posteromedial area of the ventral surface, sometimes with some ridges on its anterior part (Fig. 2l, m) . Just forward of that elongate scar is a circular and shallow scar (Fig. 2l, r) .
In anterior view, the bone is about fourfold wider than high, and the folds (sella amplificans) reach more than half the height of the capsulae ethmoidalis. Located on each side of the septum nasi, the canalis ophthalmicus medialis are relatively well developed and higher than wide. Where not obscured by matrix, the canalis ophthalmicus lateralis are seen to be rather wide and located slightly medially within the capsulae ethmoidalis. Vertebrae: The 12 available vertebrae document much of the structure of the trunk region of the vertebral column ( Fig. 3a-d ). The centrum is consistently procoelous, with an anterior cotyle and a posterior condyle. None of the centra is longer than 3.5 mm. In anterior profile, the anterior cotyle is deep and approximately circular in the posterior vertebrae, whereas in some anterior vertebrae the cotyle is slightly dorsoventrally flattened. In all specimens, the posterior condyle is robust and round, and it is clearly delimited from the centrum by a step. The neural arch is anteroposteriorly elongated and dorsoventrally flattened (especially on the posterior vertebrae), and it shows a moderate interzygapophyseal constriction in dorsal view. The anterior edge is variously concave, whereas the posterior edge bears a pointed median process that on some vertebrae (particularly anterior ones) surpasses the posterior edge of the postzygapophyses. The size and orientation of the processi transversi differ according to the vertebral position. In anterior vertebrae, the processes are long and variably dorsoventrally flattened, and they project either slightly backward in V2 or ventrally in V3 (Fig. 3a, b) . In more posterior vertebrae (V5-8), the processus transversus are cylindrical and slender and directed forwards (Fig. 3c, d ). Sacra and fused urostyles: All four specimens consist of a sacrum that is solidly fused with a posteriorly incomplete urostyle (Fig. 3e-k) . The sacra are procoelous and bear processi transversi (or sacral diapophyses) that are broadly expanded anteroposteriorly and have straight lateral margins. The sacrum bears a low, slender and pointed neural spine that extends posteriorly for a short distance above the dorsal surface of the urostyle. In anterior view, the processi transversi have a nearly horizontal orientation and the single anterior cotyle is deep and circular in outline. The prezygapophyses are nearly circular or slightly compressed anteroposteriorly, with their long axis oriented laterodorsally. The urostyles are represented only by their anteriormost part. The preserved portion of the urostyle lacks a dorsal crest, but bears lateral laminar expansions that are fused anteriorly with the processi transversi (Fig. 3k) .
Scapula:
The two scapulae are relatively robust and higher than wide. The processus glenoidalis is distinct from the main corpus of the bone, but in dorsal view the former is partially hidden by the pars acromialis (Fig. 3l) . The surface of articulation with the humerus extends across the processus glenoidalis and onto the posterior margin of the pars acromialis. The anterior margin of the bone is slightly concave, and it bears a poorly developed and short crista anterior. Humeri: Two left humeri preserve the distal part of the element (Fig. 3m) . The preserved portion of the diaphysis is robust and slightly curved, and bears a main crista ventralis and medially a smaller crista paraventralis. The condyle is spherical, well ossified and slightly displaced laterally relative to the long axis of the diaphysis. The fossa cubitalis ventralis is relatively large, deep and open radially. The epicondylus ulnaris is well developed, but it does not reach the distal margin of the humeral condyle. The epicondylus radialis is much smaller than the epicondylus ulnaris and is topped by a small crest, the crista lateralis. A long and narrow crista medialis is present along the medial margin. Ilia: The ilium is the best represented bone in the assemblage, with a total of 17 elements (10 left and 7 right). It is characterised by the absence of a crista dorsalis, tuber superior and preacetabular and supracetabular fossae, and by the presence of a wide and strongly striated interiliac articulation surface and a short pars ascendens with a straight dorsal edge (Fig. 3n-s) . The acetabulum is well developed and semicircular in lateral outline. The pars descendens is relatively wide and well visible in lateral view. The ventral end of the pars descendens is broken on all specimens, but judging from its preserved anterior portion the dorsal border seems to be relatively straight. As seen in posterior view, the ilioischiadic junction is relatively thin. Tibiofibula: The four fragmentary tibiofibula (not figured) are relatively robust. Their preserved ends are wider than the central diaphysis. Comparisons: The available cranial elements (maxilla, frontoparietal and squamosal) from Pirro Nord P13 fissure do not exhibit the typical pit-and-ridge sculpture seen in the extinct genus Eopelobates and extinct representatives of the genus Pelobates, namely P. sanchizi, P. fahlbuschi and P. decheni. On the basis of their dense sculpture composed of isolated tubercles on the maxilla, frontoparietal and squamosal, the fossils from P13 are therefore referable to one or more extant species of Pelobates. This attribution also is supported by the lack of enclosed spinal foramina in the posterior vertebrae from P13. Enclosed foramina are extremely rare in recent Pelobates (Sanchíz and Młynarski 1979) , but are present in P. sanchizi, P. fahlbuschi and Eopelobates (Venczel 2004; Böhme 2010) . The squamosal from P13 is the only element that clearly supports an attribution to P. syriacus, although the other bones are consistent with such an attribution. The development of the lamella alaris and the dense dermal ornamentation on the squamosal are characteristic of P. syriacus. The relatively long and strongly concave margo orbitalis ending in a long and pointed processus zygomaticus also are characteristic of P. syriacus. By contrast, in P. fuscus the margo orbitalis is shorter and less concave, and in P. fuscus and P. cultripes the processus zygomaticus is shorter. The preserved part of the processus dorsalis in the P13 specimens suggests that it is shorter than that in P. varaldii and considerably shorter than that in P. cultripes, but longer than that in P. fuscus. This process becomes wider during ontogeny. Other features of the P13 specimens which differ from P. fuscus include: denser dermal sculpture on the maxillae, frontoparietal and squamosal; the more concave margo orbitalis on the maxilla; the medial position of the foramen arteriae occipitalis in the frontoparietal (whereas in P. fuscus it is located more dorsally and is clearly visible in dorsal view) and the more numerous striations on the medial side of the ilia. Additional differences from P. cultripes include the presence of two crests on the dorsal surface of the processus paraoccipitalis of the frontoparietal and the smaller size of the canalis ophthalmicus medialis of the sphenethmoid. The complete fusion of the sacrum and urostyle seen in the P13 specimens differs from the unfused condition in extant P. cultripes and P. varaldii and in the fossil species P. sanchizi (Venczel 2004; Venczel and Hír 2013) , P. decheni (Böhme et al. 1982) and P. fahlbuschi (Böhme 2010) . Finally, the anterior border of the pars descendens on the ilium of the P13 specimens is relatively straight in lateral profile, as in P. syriacus, P. fahlbuschi (Böhme 2010 ) and P. varaldii (H-A Blain, personal observations), whereas it is convex in P. cultripes and P. fuscus and slightly concave in P. sanchizi (Böhme 2010) . Some other characters of the P13 specimens are not fully concordant with an attribution to P. syriacus, according to how the osteology of that species has been described by a number of authors. For example, a triangular dermal ossification is reported to be present on the dorsal surface of the sphenethmoid in P. cultripes, P. fuscus and P. varaldii, but it is less commonly developed in P. syriacus (Roček 1981; Bailon 1991) . Also, Roček's (1981) description of the widely rounded processus paraoccipitalis in P. syriacus syriacus is at odds with the pointed process preserved on the sole frontoparietal specimen from P13. Nevertheless, in P. syriacus boettgeri (Roček 1981) and in available comparative specimens of P. syriacus balcanicus (DP FNSP 6455a and DP FNSP 6535), these processes are generally pointed and bear two crests in a similar way as in our fossils.
Several features differentiate post-cranial Pelobates material from P13 from homologous bones attributed to Pelobates sp. by Vergnaud-Grazzini (1970) from the Pliocene of Arondelli, northwest Italy. Posterior vertebrae from P13 lack enclosed spinal foramina, whereas such foramina are present in vertebrae from Arondelii and in the fossil pelobatids P. sanchizi, P. fahlbuschi and Eopelobates. Moreover, the anterior border of the pars descendens on ilia from Arondelli is relatively straight as in P. fahlbuschi, P. syriacus and P. varaldii, whereas it is convex in P. cultripes and P. fuscus and slightly concave in P. sanchizi. Taken together, this pair of vertebral and iliac features suggests that the remains from Arondelli do not pertain to an extant species of Pelobates, as suggested by Vergnaud-Grazzini (1970) , but may instead belong to Eopelobates or P. fahlbuschi.
Compared to the fossil vertebra (MGPT-PU 106783) from P21 described by Delfino and Atzori (2013) as belonging to Pelobates sp., vertebrae from P13 differ only in having shallower, triangular depressions bordered by ridges on each side of the neural spine. This minor difference does not preclude associating the vertebrae from P21 with those from P13. However, considering that vertebrae are not especially diagnostic for species and that only one example is known from P21, for the time being we continue to conservatively identify the specimen from P21 as Pelobates sp.
Discussion
Pelobates has a Palaearctic distribution (western Eurasia and northwest Africa). It is the only extant genus of the family Pelobatidae and contains four extant species (Frost 2015; Fig. 4) : P. fuscus (distribution: eastern France to eastern Asia; northern Italy to the Baltic countries); P. cultripes (Iberian Peninsula and southwestern France); P. varaldii (northwestern Morocco) and P. syriacus (southeastern Balkan Peninsula, Caucasus and the Middle East). In addition, three fossil species have been described from Europe (Sanchiz 1998 The fossil record for Pelobates documents changes through time in the geographic distributions for a number of species (Fig. 4) . For example, the range of the common spadefoot (P. fuscus) extended southward and westward beyond its current distribution at various times during the Pliocene and Pleistocene, probably during colder intervals. P. cf. fuscus has been described from the late Pliocene (MN15) of Sète in southern France (Bailon 1991) , and P. fuscus has been reported from the middle Pleistocene locality of Boxgrove in the UK (Holman 1992 (Holman , 1993 (Holman , 1998 Gleed-Owen 1998) . In our opinion, a recent report of the species at the Miocene to middle Pleistocene site of Canal Negre 1 in northeastern Spain (Guillén Castejón 2010) is doubtful. Based on the dense dermal ornamentation on the figured maxilla, we suspect that this material instead pertains to P. cultripes. During the end of the middle Pleistocene and the beginning of the late Pleistocene, the range of P. fuscus also expanded south of its current distribution in France, with occurrences at Combe-Grenal in the department of Dordogne (Bailon 1991) , Baume Moula-Guercy in the department of Ardèche (Bailon 1999b; Manzano 2015) , Rochers de Villeneuve in the department of Vienne (Seguin, in Blain and Villa 2006) , Artenac and Bois Roche in the department of Charente (Blain and Bailon 2003; Blain and Villa 2006) and RocheCotard III in the department of Indre et Loire (Peyrouse and Marquet 2010) . P. fuscus also has been reported from the Middle Ages locality of Jardins du Carrousel in present-day Paris (Bailon 1988) . The upper Pleistocene and Holocene locality of Smolucka in Serbia and Montenegro documents the southernmost record for the species in the Balkans (Paunovic and Dimitrijevic 1990) .
By contrast, the fossil record for P. syriacus mainly documents a northwards expansion from its current distribution in Eastern and Central Europe and additionally provides evidence for a more recent shrinkage of its distribution in the Near East (Fig. 4) . P. cf. syriacus has been reported in the middle Miocene of Petersbuch (Germany: Böhme and Ilg 2003) , in the Pliocene of Rębielice Królewskie 1A (Poland, MN16: Młynarski 1977; Roček 1981) and in the PlioPleistocene of Včeláre (Slovakia, MN16-17: Hodrová 1985; Roček 1988 ). In the Ukraine, occurrences testify to the presence of P. syriacus during the Pliocene on the northern shore of the Black Sea in Dal'nyaya Cave (MN15: Ratnikov 2001 , 2009 ), Kotlovina (MN15: Ratnikov 2001 , 2009 ) and Dolinskoe (MN16: Ratnikov 2001 , 2009 and in the earliest Pleistocene of Bessergenovka (Ratnikov 2009 ). Younger fossil and sub-fossil records document the marked relictual nature of the extant distribution of P. syriacus in the eastern Mediterranean, particularly in Israel where the species has been reported from the late Pleistocene of Abu Usba (Haas 1951) , Geula Cave (Haas 1967), Hayonim Cave (Bar-Yosef and Tchernov 1966) , Iraq e Zigan (Heller 1978) and probably el-Wad Terrace (as Pelobates sp.: Valla et al. 1986) , and in the late Bronze Age (approx. 1300-1200 BC) of Ara cave (Delfino et al. 2007) .
Taking into account the historical distribution patterns for Pelobates summarised above and given that the genus is rare in the Italian fossil record, having previously been recorded only in the late Pliocene of Arondelli (Vergnaud-Grazzini 1970; but see above for doubts on its generic identification) and by a single vertebra from Pirro Nord P21 fissure (Delfino and Atzori 2013) , the discovery of abundant fossils in the P13 fissure sheds new light on the palaeobiogeographical history of Pelobates in the Apennine Peninsula. Given the presentday distributions of the different species of Pelobates, the prediction of fossils of P. fuscus in P13 becomes much more probable because P. fuscus is the only species of Pelobates currently living in Italy, albeit in northern Italy on the Po Plain (Sindaco et al. 2006; Lanza et al. 2007; Fig. 4) . However, niche modeling shows that the potential ecological niche for P. syriacus, in terms of climatic space, extends outside of its current range, both westwards into the northern Mediterranean (e.g. Italian Peninsula) and northwards through the Pannonian Basin and north of the Black Sea and Caucasus (Iosif et al. 2014) . According to these authors, when compared with its present distribution, the potential distribution of P. syriacus during the Last Interglacial Period could have extended northwards into the Balkans and Caucasus, while its climatic suitability during the Late Glacial Maximum would have been restricted to three main refugia: Israel, the Caucasus region and southern Balkans (Džukić et al. 2005; Tarkhnishvili et al. 2009; Iosif et al. 2014) . One of these scenarios even supports the suitability of the Apennine Peninsula-especially the Gargano area-for hosting P. syriacus during the Late Glacial Maximum (Iosif et al. 2014) . These same climatic and ecological niche models for P. fuscus and P. syriacus predict potential present-day distributions that extend outside their actual ranges, especially southwards for P. fuscus and northwards for P. syriacus. This discrepancy between the actual and predicted distributions for these species suggests that their current distributions are not at equilibrium with climatic conditions and that other factors, such as competition and the presence of geographic barriers, may be responsible for limiting their current distributions and minimising overlap in their ranges (Tarkhnishvili et al. 2009; Iosif et al. 2014) .
In terms of colonisation of the Apennine Peninsula from the Balkans, the Adriatic Sea is a major geographic barrier for a small, non-marine animal like a toad. Nevertheless, the Adriatic Sea is a shallow sea, and its depth and areal extent changed considerably during the Pliocene and Pleistocene, especially during the coldest intervals. The level of the Adriatic Sea fell by between 120 and 200 m during each of the cold intervals in the glacial ages (van Andel and Shackleton 1982; Dermitzakis 1990; Geraga et al. 2000; Anastasakis et al. 2006; Velić and Malvić 2011) , and its northern shoreline shifted southwards to the vicinity of the presentday Monte-Gargano-Pelješac bridge (Velić and Malvić 2011) . These changes created land-bridges across the Adriatic Sea that could have been favourable for the westward dispersal of Pelobates. Recession of the sea may also have resulted in the creation of alluvial and moraine plains with sandy deposits, which are the preferred substrate for the spadefoot toads, as well as breeding habitats (e.g. swamps and marshes along the rivers Po, Pro-Soča, Raša and Rječina) for spadefoot toads in these areas. The few studies on osmotic stress in Pelobates report that P. syriacus can acclimatise to solutions of up to 450 mOsm/L NaCl (Shpun et al. 1993) , thus indicating that it can adapt to some degree of salinity; in contrast, the osmotic stress that can be tolerated by P. fuscus is much lower, corresponding to only 136.8 mOsm/L NaCl (Stănescu et al. 2013) .
The presence of P. syriacus in the early Pleistocene at Pirro Nord P13 is good evidence of the dispersal abilities of toads. These taxa are generally considered to be poor dispersers and highly philopatric (e.g. Sinsch 1991; Blaustein et al. 1994 ). Evidence that current distributions of amphibians and reptiles display high levels of non-equilibrium with the current climate raises the possibility that dispersal might indeed be lower for amphibians than for other groups of terrestrial vertebrates and plants. According to Araújo et al. (2006) , under current projections of climate warming P. syriacus can be expected to expand its range northwards, assuming we confer it with unlimited dispersal abilities. In contrast to losses in species' range, colonisations are projected to occur mainly in cooler areas subjected to slight increases in the maximum temperatures of the coldest month and winter or increases in summer precipitation. According to Iosif et al. (2014) , temperature, rather than precipitation, is a better determinant of the range of P. syriacus, with annual mean temperature and minimum temperature of the coldest month having the highest effect, whereas according to Tarkhnishvili et al. (2009) , it is the maximum temperature in the warmest month and the vegetation index that are the most important factors. Regardless of the precise factors controlling its distribution, the presence of P. syriacus in the early Pleistocene of southeastern Italy demonstrates that this toad is not only capable of dispersing considerable distances but also is able to occupy more of its potential niche if no barriers or competition stop it.
From a biogeographical point of view, our report of P. syriacus in southern Italy is another argument for transAdriatic or trans-Ionian dispersal along hypothetical Quaternary land-bridges. Among the current Italian herpetofauna, only two eastern Mediterranean reptiles, Kotschy's gecko (Mediodactylus kotschyi) and the leopard snake (Zamenis situla), have trans-Ionian distributions (see Sillero et al. 2014) , which are Bdifficult to interpret^according to Bologna and Mazzotti (2009, p. 666) . The minimal genetic differentiation among Balkan and Italian populations of Kotschy's gecko suggests that its presence in Apulia could be due to historical introduction from Greece in more recent times, rather than to an older Quaternary circum-Adriatic dispersal or to the even older Miocene fragmentation of ancient Aegaeis (Picarello and Scillitani 1988) . As for the leopard snake, its presence in Italy in only a few restricted southern areas on the mainland, specifically in Apulia and Basilicata, and in eastern Sicily (Scillitani et al. 2009; Sillero et al. 2014) has been interpreted as a relict condition caused by competition with other species, with its probable dispersal into Italy being via the trans-Adriatic Quaternary land-bridge (Bologna and Mazzotti 2009) . Such a trans-Adriatic distribution of plants and animals has been a topic of discussion since the end of the 19th century (e.g. Kobelt 1898; Holdhaus 1912) , and several examples of taxa that have probably colonised Italy from the south across the Adriatic Sea are known. Of these are many invertebrates with limited dispersal abilities, including the terrestrial isopods Philoscia univitatta and Proporcellio quadriseriatus (Schmalfuss et al. 2004) ; the flightless orthopterans Eupholidoptera chabrieri and E. megastyla (Çıplak et al. 2010) and Troglophilus andreini (Karaman et al. 2011) ; the freshwater crab Potamon fluviatile, the phylogeography of which suggests that it crossed the Otranto Strait during the last glacial interval (Jesse et al. 2009 ) and a terrestrial snail, Helix straminea, recently recognised as a distinct species and having a disjunct trans-Adriatic range with its closest relatives in the western Balkans (Korábek et al. 2014) .
A last interesting remark deals with the early expansion of early humans into Europe. It is curious that spadefoot remains occur abundantly in the same fissure (P13) where lithic industries that provide indirect evidence for the presence of humans have been recovered, whereas none of the other Pirro Nord fissures, with the exception of a sole vertebra recovered from P21 (Delfino and Atzori 2013) , contain any Pelobates fossils (see Delfino and Bailon 2000) or stone artifacts. As noted in the Introduction, the P13 stone artifacts are the earliest evidence of humans in Western Europe, at 1.3-1.7 Ma (Arzarello et al. 2007 (Arzarello et al. , 2009 López-García et al. 2015) , who almost certainly arrived from the East (e.g. Bermúdez de Castro and Martinón-Torres 2013). A similar phenomenon occurs on the Iberian Peninsula, where another toad, Bufo viridis sensu lato, appears as fossils in a number of late early Pleistocene (approx. 1.1-1.4 Ma) localities in southern Spain, such as Barranco León (Granada), Almenara-Casablanca-3 (Castellón), Cueva Victoria and Quibas (Murcia) (Blain et al. 2010 (Blain et al. , 2015 Blain 2014 ). The early Pleistocene seems to have been an opportune time for both toads and humans to spread across Europe, perhaps thanks in part to a trans-Adriatic dispersal route.
Conclusion
Pelobates remains from the lower Pleistocene Pirro Nord P13 fissure in Apulia, southeastern Italy, have been described here for the first time and referred to Pelobates syriacus, a toad currently living in the southeastern Balkan Peninsula, Caucasus and the Middle East. This is the only record of this species, and one of only two or three fossil records for the genus in Italy. This extralimital occurrence suggests that P. syriacus is able to disperse considerable distances under favourable conditions. Dispersal routes to reach the Apennine Peninsula may have been favoured by a low level of the Adriatic Sea during a cold interval during the Pleistocene, furnishing a new habitat suitable for P. syriacus, a species that is able to tolerate salinity to some extent. Our findings demonstrate that the range of this species was broader in the past than at the present time and are consistent with a recent niche model that predicts the potential range of P. syriacus extends outside of its current range, westwards into the northern Mediterranean (e.g. Italian Peninsula) and northwards through the Pannonian Basin and north of the Black Sea and Caucasus.
